Abstract There have been marked improvements in the short-and long-term outcomes for children after renal transplantation over the past two decades with superior quality and quantity of life. It is encouraging to see increased patient and renal allograft survival rates with initially lower acute renal allograft rejection rates due to improved matching and immunosuppressive regimens. Unfortunately, longer-term renal allograft survival remains unchanged with chronic allograft injury from both immune and non-immune causes, resulting in chronic allograft dysfunction, morbidity from chronic kidney disease, and eventual renal allograft loss. Acute and chronic antibody-mediated rejection remains a clinical dilemma with a growing evidence base of its treatment, including proteasome inhibition using intravenous bortezomib. The future goal is to reduce chronic allograft dysfunction and make renal transplants last longer for pediatric renal transplant recipients who may require retransplantation during their childhood and adult lives, which can become successively more difficult due to sensitization.
Introduction
Pre-emptive living-related renal transplantation is now the gold-standard therapy for children with end-stage kidney disease (ESKD), with increased renal allograft survival in the first month and first year after renal transplantation due to improvements in both surgical techniques and medical management (prophylaxis and treatment of acute allograft rejection as well as reduced renal allograft thrombotic rates) [1] . Due to enhanced immunosuppressive therapies, there has been a reduction in acute renal allograft rejection in the first year after transplantation from 53 % and 67 % in 1987 to 9 % and 14 % in 2013 for living and deceased donors, respectively [2] .
Many groups have studied that the main causes for the progressive decline in renal function leading to renal allograft loss and the requirement for chronic dialysis and/or re-transplantation is acute and chronic antibody-mediated rejection (AMR), with the development of post-transplant de novo donor-specific antibodies (DSA) produced by B cells developing high-affinity receptors targeting HLA mismatches arising from the graft [3] . However, complement activation is required to cause renal allograft dysfunction and injury in renal transplant recipients (RTR) with de novo DSA and may not always be related to the threshold level but the stepwise change of mean fluorescence intensity (MFI) of the DSA [4] .
Treatment of antibody-mediated rejection
There are currently several therapeutic strategies available to treat AMR (Table 1) . However, in clinical practice, these therapies are usually used in combination, with variable success [5] . Intravenous bortezomib is a proteasome inhibitor that has a direct effect by inducing apoptosis in mature plasma cells that synthesize the pathogenic antibodies that can cause renal allograft injury. It is currently approved to treat patients with multiple myeloma and mantel cell lymphoma.
In an article recently published in Pediatric Nephrology, Pearl and colleagues have reported a retrospective case series on the safety and efficacy of between one and three rounds, each of four doses of bortezomib 1.3 mg/m 2 /dose (days 1, 4, 8, and 15) in seven pediatric and adolescent RTR aged 5 to 19 years with treatment refractory C4d + AMR between 1 and 145 (median 65) months post-transplantation [6] . However, it should be noted that all but one case had between six and eight HLA A, B, DR, and DQ mismatches (the final DQ may be added to routine HLA matching in the future) and the only case of renal allograft loss was the case with pre-formed DSA. These recipients were all treated with thymoglobulin, basiliximab, or daclizumab induction with the majority (six) having adherence issues to triple immunosuppression (with prednisolone, mycophenolate mofetil, and tacrolimus in five cases).
How can we be sure that any stabilization of renal allograft function by estimated glomerular filtration rate (eGFR) or survival is due to bortezomib when these patients were treated with additional therapies? These included intravenous rituximab 375 mg/m Five cases (72 %) had two rounds of treatments (with one case each of one and three treatment rounds). Of the six patients with surviving grafts (86 %), the mean pre-bortezomib eGFR was 42 ml/min/1.73 m 2 and the mean 1-year post-bortezomib eGFR was 53 ml/min/1.73 m 2 . Five of seven (71 %) had improvement of histological findings of AMR, C4d staining, and/or acute cellular rejection, although the reduction in DSA was more effective for HLA Class I than HLA Class II.
However, I am left wondering which treatment or combination of treatments were successful (or not) in treating AMR in this small series of children. The patients were not treated as part of a prospective clinical trial, as the authors state that this was a retrospective case review without formal ethics committee approval or patient consent.
At present, there is a lack of the Lazarus effect in the use of bortezomib in adult liver and renal transplant recipients with acute AMR, which may be reversible in isolated cases [7, 8] . Bortezomib may reduce DSA, but is not always effective in treating AMR [9] . However, there need to be randomized controlled prospective clinical trials using bortezomib for treating acute and chronic AMR as well as in desensitization protocols for highly sensitized patients, as this therapy may reduce DSA levels (even in the absence of AMR) and prolong renal allograft survival by protecting transplants from chronic allograft injury and dysfunction. Bortezomib may have a role with other agents in combination as part of desensitization for patients awaiting transplantation or re-transplantation, as bortezomib preconditioning alone does not result in a sustained reduction of HLA antibody levels in all patients [10] , so some centers have used combination therapies of bortezomib with eculizumab in this setting [11] .
Conclusions
The optimal therapy for treating AMR with or without renal allograft dysfunction remains elusive, as RTR may have one or more features with detection of DSA in the peripheral circulation or presence of AMR on renal transplant biopsy with or without C4d deposition in the peritubular capillaries. We currently cannot predict which patients with DSA will develop AMR and chronic allograft injury and dysfunction, so collaborative research is required to define the optimal biomarkers of renal allograft injury prior to the development of renal allograft dysfunction [12] . In the next few years, there should be results from multi-center randomized controlled trials in pediatric and adult RTR to answer the questions if bortezomib has a role in RTR with high titer DSA prior to the development of AMR and in those with early or late established AMR as well as an induction agent in sensitized RTR. The infectious, neurological, hematological, and gastrointestinal side-effect profile of bortezomib needs to be studied in pediatric as well as adult RTR. 
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